Short axis views of the left ventricle were studied in 68 patients with hypertrophic cardiomyopathy (HCM) and 20 healthy persons using crosssectional echocardiography.
Our study was designed to make minute observation of the left ventricular cavity and the papillary muscles by the short axis view of cross-sectional echocardiogram, and to clarify the particular relationship between the position of papillary muscles and the distribution of hypertrophy in HCM.
MATERIALS AND METHODS
Sixty-eight patients with HCM aged 20 to 79 (56 males, 12 females), and 20 healthy persons aged 23 to 35, including 1 female, with no symptoms or signs referable to the cardiovascular system were observed (Table I) .
HCM was defined as the left ventricular hypertrophy of unknown origin. The patients were separated into 2 groups by the distribution of hypertrophy. Interventricular septums with the basal portion thickness of more than 15mm (including 15mm) were defined as Group A, and those with less than 15mm were defined as Group B. Basal portion thickness of the interventricular septum was measured at 10mm from the aorto-septal junction in end-diastole coinciding with the peak of R wave in electrocardiogram (Fig. 1) . In 68 patients, 52 were put in Table I. Materials   M=male; F=female. Group A: Patients with hypertrophic cardiomyopathy whose basal portion thickness of the interventricular septum is more than 15mm (including 15mm). Group B: Patients with hypertrophic cardiomyopathy whose basal portion thickness of the interventricular septem is less than 15mm. Group A, and the other 16 Group B. The ASH patients were included in Group A, and the patients with hypertrophy of both interventricular septum and posterior wall, which was not thought to be ASH, for example, were also included in Group A.
The commercially available Toshiba SSH-11A, real-time phased-array sector scanner was used and cross-sectional images were recorded on video tape for minute observation. The stopped images by Honeywell hard copy system were recorded for measuring.
Three different short axis views of the left ventricle were obtained from the third or the fourth intercostal space along the left sternal border:
1) The papillary muscles are free from the left ventricular walls, and the chordae tendineae can be seen at the same time.
2) The chordae tendineae cannot be seen and the papillary muscles are in contact with the left ventricular wall. 3) An image is slightly nearer to the apex of the heart and roots of the papillary muscles are seen in this short axis view (Fig. 2 ). In this entire study, the second image was used because this image is easier to observe, record and measure than the other 2.
In order to estimate the degree of hypertrophy of the papillary muscles, the areas of the papillary muscles (AP) and the left ventricular cavity (ALV) were measured at end-systole and end-diastole, and the AP/ALV+AP ratio was calculated ( Fig. 3) . The papillary muscles were separated from the left ventricular wall by imaginary lines that were extended from the endocardium. Twenty-seven patients and 17 healthy persons were measured and calculated. In this procedure, the patients with marked hypertrophy whose left ventricular cavities were almost completely obliterated in end-systole were picked out because it was hard to measure the areas of any apparatus in end-systole.
RESULTS
In patients with HCM, 2 particular shapes of the left ventricular cavity were observed, dumbbell and mushroom.
Dumbbell shape was formed by the anterior dislocation of the hypertrophied anterior and posterior papillary muscles in the oval shaped left ventricular cavity. The difference of the degree of hypertrophy between the anterior and the posterior papillary muscles was observed in several patients. Mushroom shape was formed by markedly hypertrophied left ventricular wall and the papillary muscles. The papillary muscles were not dislocated, but almost the entire posterior half of the left ventricular cavity was occupied by the hypertrophied papillary muscles (Figs. 4, 5) . Dumbbell shape was seen in all Group A patients except for in 2. Both of these 2 patients showed hypertrophy of the interventricular septum from the basal to the apical portion of the heart. Mushroom shape was seen in all Group B patients without exception (Fig. 6) .
The results of measurements are as follows (Fig. 7) . AP in Group B patients was significantly larger than that in the healthy persons (p<0.001), but those in Group A patients showed no significant difference. ALVs in both groups were significantly smaller than that in the healthy persons (p< AP/ALV+AP ratios of HCM are significantly larger than controls, but no difference is seen between 2 groups of HCM.
0.001). Calculated AP/ALV+AP
ratios of HCM were significantly larger (p<0.001), but no difference could be obtained between these 2 types of HCM.
These results were more significant in end-systole.
DISCUSSION
HCM has been clinically noted since 1960, when Goodwin et al6) named hypertrophic obstructive cardiomyopathy (HOCM) and Braunwald et al7) named idiopathic hypertrophic subaortic stenosis (IHSS). Henry et al1) insisted on calling this disease ASH, in 1973, studied by M-mode echocardiography and pathological observations. Recently, many patients with HCM which was not thought to be ASH have been observed by cross-sectional echocardiography.4),8) Apical hypertrophy was reported as one of the other types of HCM, in which distribution of hypertrophy was seen around the apical portion of the heart. Giant negative T in left precordial leads with normal electrical axis in electrocardiogram was reported as another characteristic feature of the disease.9),10) Hypertrophy should occur in every portion of the heart,4) and we should avoid using the word "ASH" as a synonym of HCM. 5) In this study, 39 patients were thought to have ASH, 2 patients showed hypertrophy of the posterior wall as well as of the interventricular sptum, 16 patients showed hypertrophy around the apex of the heart (apical hypertrophy), and 11 patients showed hypertrophy around the apex as well as of the interventricular septum. No patient was seen who showed hypertrophy only in the posterior wall or the free wall. To simplify this complicated situation, the classification by the basal portion thickness of 15mm was made in this study. In 52 patients of Group A HCM, 2 without ASH were included, and all of Group B HCM were thought to have apical hypertrophy in this study.
The most remarkable finding of the short axis views of the left ventricle was the difference in the position of the hypertrophied papillary muscles. The papillary muscles were dislocated anteriorly to the middle of the left ventricular cavity making dumbbell shape in Group A HCM. The left ventricular cavity was compressed by both the interventricular septum and the free wall. On the contrary, the dislocation of the papillary muscles was not seen but marked hypertrophy of the papillary muscles, making mushroom shape, was seen in Group B HCM. Several patients showed intermediate shapes. For example, slight anterior dislocation of the papillary muscles was observed in a few patients of Group B HCM. Some patients showed a difference in the degree of hypertrophy between the anterior and posterior papillary muscles. The left ventriculograms of the 2 particular types of HCM also showed significant difference. RAO views of the left ventriculogram reveal a banana-like shape in end-systole in Group A HCM7) and a spadelike shape in end-diastole in Group B HCM9) (Fig. 8) . This difference is mainly due to the distribution of hypertrophy. 
